The supercritical fluid extraction (SFE) 
Introduction
The extraction by gases under pressure has been more and more used, representing a good alternative to the classic extraction procedures.
The advantages of the supercritical fluid extraction (SFE) technique are well known by now and it is often regarded as an alternative to the traditional methods. CO 2 is most widely used in SFE because it is simple to use, inexpensive, nonflammable, nontoxic, chemically stable, shows great affinity to volatile (liphopilic) compounds and can be easily and completely removed from any extracts. With critical point at 31.3ºC and 72.8 bar, carbon dioxide can be used at temperatures and pressures which are relatively safe, convenient and particularly appropriate for extraction of a range of more volatile and/or heat -labile compounds [1] , [3] , [4] . Supercritical fluid extraction is widely used in natural products, foods and flavors, pharmaceuticals, nutraceuticals, polymers, chemicals, and parts cleaning industries.
Natural materials contain various extractable fractions. Among these, essential oils are particularly relevant since they represent the basic material for many foods, cosmetics, and pharmaceutical preparations.
Several studies have been devoted to the extraction of essential oils and of related products by supercritical CO 2 , as reviewed by Stahl et al. and by Reverchon et al. Nevertheless [1] , the influence of major operating parameters of the extraction process has rarely been studied. For example, it is know that the extraction time can play a main role in determining the extract composition if the families of compounds constituting the essential oil show different diffusion times during supercritical extraction.
Relative merits of using CO 2 at liquid or supercritical conditions should also be considered. about 0.7 and 1.0 gcm -3 at the extraction conditions typically used for natural product extraction. Therefore, in processes performed at high CO 2 densities, the lower process selectivity associated with the higher extraction yield can result in the simultaneous extraction of several compound families and the co extraction of compounds that do not contribute to fragrance formation. The latter compounds are generally, fatty acids, fatty acid methyl esters, pigments, and other higher molecular weight compounds. Since the odoriferous compounds, such as terpenes, oxygenated terpenes, sesquiterpenes, and oxygenated sesquiterpenes are readily soluble in supercritical CO 2 , the extraction of essential oils at CO 2 high densities is neither necessary, nor desirable [5] , [6] , [7] . Much work has recently been done on the composition of Salvia officinalis essential oil obtained by traditional techniques [1] , [2] , [3] .
In this paper, the influence of extraction time, as well as of carbon dioxide pressure in SFE of Salvia officinalis by carbon dioxide is described.
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Experimental
Plant Materials
For this experiments Salvia officinalis from Berkovici, near Trebinje gathered 2006 was used. The mean particle radius (r) were d=0.3157 mm. After the grinding using sieve sets (Erweva Apparatebau GmbH, Germany), the mean particle radius was calculated as r=100/Σ(m i/ Q m ), where mi is the fraction (%) after sieving, and Q m is the mean aperture diameter of two adjacent sieves.
Chemicals
Commercial carbon dioxide (99% purity, Tehno -gas, Novi Sad, Serbia) as the extracting agent was used. All other chemicals were of analytical reagent grade.
Chromatographic procedures
MS, Finnigan -MAT 8230 BE geometry, resolution 1000, EI -CIU source at 200º. EI 70eV, 0.5mA, CI, 1mtorr of isobutane 150 eV 0.2mA. GC/MS, Varian 3400 GC equipped with Split/Splitless injector (1:99) operated at 244°. Column J&W Scientific DB-5ms-ITD 30m, 0.25mm id, 0.25μm film. Carrier gas hydrogen, l ml/min measured at 210°. Column temperature was linearly programmed from 40° to 285° at 4.3°/min. Transfer line at 270°, coupled to Finnigan-MAT 8230 BE mass spectrometer. Ion source temperature 170°, EI, 70eV 0.1 mA. Scan range 33-333 / 1 sec.
GC, HP5890 series II 3400 GC equipped with Split/Splitless injector (1:99) operated at 244°. Column J&W Scientific DB-5ms-ITD 30m, 0.25mm id, 0.25μm film. Carrier gas hydrogen, l ml/min measured at 210°. Column temperature was linearly programmed from 40° to 285° at 4.3°/min.
Supercritical Fluid Extraction
SFE-CO 2 was carried out with a laboratory -scale high -pressure extraction plant (NOVA -Swiss, Effretikon, Switzerland). The main parts and characteristics (manufacturer specification) of the plant were as follows: a diaphragmtype compressor (up to 1000 bar), extractor with an internal volume of 200 mL (Pmax =250 bar), and maximum CO 2 mass flow rate of approximately 5.7 kg/h. The mass of Salvia sample in extractor was 60g at the investigated value of pressure and at 40ºC, and the CO 2 flow rate was 97.72 dm 3 /h. Separotor conditions were 15 bar and 25ºC.
Results and Discussion
The supercritical fluid extraction (SFE) by carbon dioxide (CO 2 ) of Salvia officinalis L. was investigated. SFE by CO 2 was performed at different pressure (80, 100, 150, 200 and 300 bar) and constant temperature of 40ºC (all other extraction conditions, such are flow rate, particle diameter of Salvia officinallis, extraction time were the same)
The extract yields and essential oils yield are given for different pressures in Table 1 . By increasing the pressure from 80 to 300 bar at 40ºC increasing extract yields and decreasing the essential oil content in the total extract. Now the influence of exctraction time on supercritical extraction of Salvia officinalis L at different pressure was investigated.
Obtained results are shown on Fig. 1 .
In the first 2.5 hours of extraction by supercritical carbon dioxide, extract yield is the highest. Dependence extract yield on extraction time at pressure 80, 100, 150, 200 and 300bar can be shown by polinomial second order y = ax 2 + bx + c approximately (Eq. 1). Calculated values paramerters at investigated pressures, as well as values correlation coefficient r are given in Table 2 .
The relative contents of the identified components of essential oil EO1 (p=80 bar), EO 2 (p=100 bar), EO 3 (p=150 bar), EO 4 (p=200 bar), EO 5 (p=300 bar) are given in Tab.3.
The relative contents of the identified components of extracts E 1 (p=80 bar), E 2 (p=100 bar), E 3 (p=150 bar), E 4 (p=200 bar), E 5 (p=300 bar) are given in Tab. 4 .
The GC -MS method was used for determination of qualitative and quantitative composition (Table 3. and Table 4 .). As an illustration GC chromatograms of Salvia officinallis extract and essential oil obtained by SFE -CO 2 method are shown in Fig. 2. and Fig. 3 .
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Conclusions
As expected from the studies on Salvia officinalis, the main compounds in essential oils were α -thujone, camphor, isoborneol, bornylacetate, phyllocladene. The main components in extract were camphor, isoborneol, γ -elemene, selina -3,7 (11) -diene, phyllocladene.The composition of main compounds in essential oils is not largely influenced by extraction pressure. Indeed, chemycal analysis of sage oil at different pressure evidenced composition variations along the extraction process but it is not large. The composition of main compounds in extract at pressure p=80 bar is largely different from composition at other pressure.
In the first 2.5 hours of extraction , extract yield is the highest .
Eighteen compounds of essential oil EO4 were identified, representing 95.7482 % of the total eessential oil, and seventeen compounds of essential oil EO2 were identified representing 96.1645% of the total essential oil. The five most abundant compounds (α -thujone, camphor, isoborneol, bornylacetate, phyllocladene) represent 69.7164% of the essential oils.
Fourteen compounds of extract E3, E4 were identified, and thirteen compounds of extract E1, E2 and E5. The content of phyllocladene and camphor in extract E1 was considerably lower than in other extracts, and content of γ elemene and isoborneol was considerably higher than in other extract.
Thirteen compounds of extract E2 representing 84.678% of the total extract. The five most abundant compounds (camphor, isoborneol, γ -elemene, selina -3,7 (11) -diene, phyllocladene) represent 66.8508% of the extract.
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